The role of Sestrin2 (Sesn2) in skin squamous cell carcinoma (SCC) and melanoma is unknown. Results: Sesn2 increases AKT activation and resistance to UVB and chemotherapeutics and is up-regulated in SCC and melanoma. Conclusion: Sesn2 promotes AKT activation and survival of SCC and melanoma cells. Significance: Sesn2 may promote tumorigenesis and chemoresistance of SCC and melanoma.
Skin cancer is the most common cancer in the United States and is mainly caused by environmental UV radiation. Reducing skin cancer incidence is becoming an urgent issue. The stressinducible protein Sestrin2 (Sesn2) plays an important role in maintaining redox and metabolic homeostasis and their related pathologies. However, the role of Sesn2 in cancer remains unclear. Here we show that UVB radiation induces Sesn2 expression in normal human keratinocytes, mouse skin, normal human melanocytes, and melanoma cells. In addition, Sesn2 promotes AKT activation through a PTEN-dependent mechanism. Sesn2 deletion or knockdown sensitizes squamous cell carcinoma (SCC) cells to 5-fluorouracil-induced apoptosis and melanoma cells to UVB-and vemurafenib-induced apoptosis. In mice Sesn2 knockdown suppresses tumor growth from injected human SCC and melanoma cells. Last, as compared with normal skin, Sesn2 is up-regulated in both human skin SCC and melanoma. Our findings demonstrate that Sesn2 promotes AKT activation and survival in response to UVB stress and chemotherapeutics and suggest that Sesn2 is oncogenic in skin SCC and melanoma.
Skin cancer, including basal cell carcinoma, squamous cell carcinoma (SCC), 2 and melanoma, is the most common cancer in the United States (1, 2) . The incidence of skin cancer continues to rise at an alarming rate each year. The major risk factor for skin cancer is ultraviolet radiation in sunlight and artificial tanning beds, including both UVB (280 -315 nm) and UVA (315-400 nm) radiation (2) . Despite many advances in targeted therapies and surgical removal of early stage skin cancers, advanced stage metastatic skin squamous cell carcinoma and melanoma are difficult to treat due to therapeutic resistance (3, 4) .
Sestrins (Sesns) are a family of evolutionarily conserved stress-inducible proteins. Mammalian organisms express three Sestrins, Sesn1, Sesn2, and Sesn3. Sestrins act as antioxidant factors to suppress oxidative stress through their oxidoreductase activity, mTOR inhibition, and Nrf2 activation (5) (6) (7) . This regulation of the AMP kinase (AMPK)/mTOR pathway by Sestrins plays a broader role in organism health in physiological and pathological contexts. By maintaining metabolic homeostasis, Sestrins protect cells and organisms from age-related physiological abnormalities in Drosophila (8) . In Caenorhabditis elegans, cSesn promotes health and lifespan and protects against life stressors (9) .
As the target genes of the tumor suppressor p53 (10) , Sestrins are considered to have the potential to suppress tumors by detoxifying reactive oxygen species and inhibiting the oncogenic mTOR pathway (6, (11) (12) (13) . Furthermore, the SESN1 (6q21) and SESN2 (1p35) loci are frequently deleted in several human cancers, including kidney cancer and sarcomas (14 -16) . However, the role of Sestrins in skin SCC and melanoma remains unknown.
Here we show that UVB radiation induces Sesn2 in normal human keratinocytes and melanocytes, mouse skin, and SCC and melanoma cells. We found that Sesn2 up-regulation is induced by UVB irradiation in association with malignant transformation. Sesn2 promotes AKT activation through regulating PTEN. Loss of Sesn2 sensitizes cells to apoptosis induced by UVB and chemotherapeutic agents. Sesn2 is up-regulated in both human SCC and melanoma. Our findings demonstrate that Sesn2 is a positive regulator of AKT activation and cell survival and suggest an oncogenic role of Sesn2 in SCC and melanoma.
EXPERIMENTAL PROCEDURES
Human Skin Tumor Samples-All human specimens were studied after approval by the University of Chicago Institutional Review Board. Frozen tissues were obtained under consent (Dept. of Medicine, University of Chicago). RNA samples and protein lysates were used to determine Sesn2 levels by realtime PCR and Western blotting. Formalin-fixed, paraffin-embedded tissue blocks were obtained from the archives in the tissue bank of the Section of Dermatology, Department of Medicine, University of Chicago. Non-sun-exposed normal skin, nevus, and malignant and metastatic melanoma tissues were used for immunohistochemical analysis of Sesn2 protein levels.
Cell Culture-WT, Sesn2 KO MEF cells (17) , HeLa (human cervical cancer cells), HaCaT (kindly provided by Professor N. Fusenig), A431 (human squamous carcinoma cells), A375 (human amelanotic melanoma cells), and MEL624 melanoma cells were maintained in monolayer cultures in 95% air, 5% CO 2 at 37°C in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 units/ml penicillin, 100 g/ml streptomycin (Invitrogen). Other melanoma cells were generously provided by Dr. Meenhard Herlyn (Wistar Institute, Philadelphia) and cultured as described previously (18) . Inducible expression of PTEN in WM793TR-PTEN cells was obtained by treatment of cultures with doxycycline (Sigma) at a final concentration of 100 ng/ml. Cells were maintained in DMEM with GlutaMAX (Invitrogen) supplemented with 10% fetal calf serum, 100 units/ml penicillin, 100 g/ml streptomycin, and 4 g/ml insulin (Sigma). The HaCaT cell line was cultured for Ͻ20 passages. Normal human epidermal keratinocytes (NHEKs) and melanocytes (NHEMs) were obtained from Clonetics (Lonza) and Invitrogen, respectively, and cultured according to the manufacturers' instructions. NHEK and NHEM cells were cultured for Ͻ4 passages. No authentication was done. siRNA or Plasmid Transfection-A375 cells were transfected with negative control (NC) or siRNA (ON-TARGETplus SMARTpool, Dharmacon) targeting p53 or AKT3 using TransIT-siQUEST Transfection Reagent (Madison, WI) according to the manufacturer's instructions. Plasmid transfection was performed with X-tremeGENE 9 (Roche Applied Science) according to the manufacturer's instructions.
Lentiviral Production and Infection-Lentiviral constructs expressing shNC (shLuc) and shSesn2 were generated as described previously (5, 6) . Negative control shRNA (shNC, kindly provided by Dr. Seungmin Hwang, University of Chicago), shPTEN1 (Plasmid #25638), and shPTEN2 (Plasmid #25639) were obtained from Addgene. Lentivirus was produced by cotransfection into 293T cells with lentiviral constructs together with the pCMVdelta8.2 packaging plasmid and pVSV-G envelope plasmid using X-treme 9 (Roche Applied Science) as described previously (19 -21) . Virus-containing supernatants were collected 24 -48 h after transfection and used to infect recipients. Target cells were infected in the pres-ence of Polybrene (8 g/ml, Sigma) and selected with puromycin at 1 g/ml for 6 days.
Western Blotting-Protein concentration was determined using the BCA assay (Pierce). Western blotting was performed as described previously (22) . Antibodies used included Sesn2 (Proteintech Group, Inc, Chicago, IL), ENO1 (Abcam, Cambridge, MA), GAPDH, p53, p21, PTEN, AKT, poly(ADP-ribose) polymerase (Santa Cruz, Santa Cruz, CA), phosphor-AKT (p-AKT), and cleaved-caspase 3 (Cell Signaling Technology, Danvers, MA).
Cell Fractionation-Cytosol and membrane protein fractions were isolated using a Mem-PER Plus Membrane Protein Extraction kit (Thermo Scientific, Rockford, IL).
Immunohistochemical and Immunofluorescence Analysis-Sesn2 levels were determined using immunohistochemical analysis by the immunohistochemistry core facility at the University of Chicago. The anti-Sesn2 antibody (Proteintech Group, Inc., Chicago, IL) was used, with the protein levels visualized using the alkaline phosphatase anti-alkaline phosphatase (APAAP) method, in which the substrate staining (red) is easily distinguishable from melanin (brown). Immunofluorescence analysis of Sesn2 or PTEN was performed as described previously (23, 24) using a fluorescence microscope (Olympus IX71) or confocal microscope (Olympus F1000 IX81).
Real-time PCR-Total RNA was isolated using the Qiagen RNeasy plus mini kit. Quantitative real time PCR assays were performed using ABI7300 (Applied Biosystems, Foster City, CA) in 96-well plates with the SYBR Green PCR Master Mix (Applied Biosystems) as in our previous studies (25) . The threshold cycle number (CT) for each sample was determined in triplicate. The CT for values for Sesn2 and PTEN were normalized against GAPDH as described previously (19, 20, 25) . The sequences of the primers used were: mouse Sesn2 gene, 5Ј-TAG CCTGCA GCC TCA CCT AT-3Ј (forward) and 5Ј-TAT CTG ATG CCA AAG ACG CA-3Ј (reverse); human Sesn2 gene, 5Ј-GAC CATGGC TAC TCG CTG AT-3Ј (forward) and 5Ј-GCT GCC TGG AAC TTC TCA TC-3Ј (reverse).
Analysis of Tumor Growth in Nude Mice-All animal procedures have been approved by the University of Chicago Institutional Animal Care and Use Committee. Athymic Nude mice were obtained from Harlan Sprague-Dawley. 1 ϫ 10 6 A431-shNC, A431-shSesn2, A375-shNC, and A375-shSesn2 cells were injected subcutaneously into the right flank of 6-week-old female nude mice. Tumors were monitored weekly, and tumor volume (TV) was calculated using the formula, TV (mm 3 ) ϭ d 2 ϫ D/2, where d and D are the shortest and the longest diameters, respectively.
Mitochondrial Membrane Potential-Mitochondrial membrane potential was assessed using the potentiometric dye JC-1 (Invitrogen) following the manufacturer's instructions. In brief, after treatment cells were trypsinized and resuspended in 3 ml of medium containing 2 M JC-1 for 15 min at 37°C in the dark and then pelleted by centrifugation and resuspended in 500 l of PBS. Bivariate analysis was performed by flow cytometry with excitation at 488 nm, and mitochondrial function was assessed as JC-1 green (depolarized mitochondria) or red (polarized mitochondria) fluorescence.
In Vitro Cell Proliferation Assay-Cell proliferation of A431 and A375 stable cells was analyzed using the MTS assay (Promega, Madison, WI) according to the manufacturer's instructions as in our recent studies (21) . The BrdU assay was monitored using a cell proliferation ELISA BrdU (colorimetric, Roche Applied Science) kit according to the manufacturer's instructions as in our previous studies (26) .
Statistical Analyses-Statistical analyses were performed using Prism 5 (GraphPad software, San Diego, CA). Data are expressed as the mean of at least three independent experiments and analyzed by Student's t test. Error bars indicate the standard error of the means (S.E.). A p value of Ͻ0.05 was considered statistically significant.
RESULTS
Sesn2 Up-regulation Is Induced by UVB Irradiation in Keratinocytes, Mouse Skin, and SCC Cells and Associated with Keratinocyte Transformation-To determine the role of Sesn2 in skin carcinogenesis, we assessed the effect of UVB irradiation on Sesn2 in human keratinocytes, mouse skin, and SCC cells. UVB radiation increased Sesn2 protein levels in NHEK, mouse skin, non-tumorigenic HaCaT cells, and human SCC A431 cells ( Fig. 1, A-D) . It also induced Sesn2 expression in immortalized mouse embryonic fibroblasts (MEFs) (Fig. 1E ). Immunofluorescence analysis showed that Sesn2 levels were higher in A431 SCC cells than those in NHEK and the non-tumorigenic HaCaT cells. These findings indicate that UVB irradiation increases Sesn2 levels in keratinocytes, mouse skin, and SCC cells and that SCC cells express higher Sesn2 levels than normal and non-tumorigenic keratinocytes.
Sesn2 Up-regulation Is Induced by UVB Irradiation in Normal Melanocytes and Melanoma Cells and Associated with Melanocyte Transformation-In addition, we assessed the effect of UVB on Sesn2 levels in human melanocytes and melanoma cells. UVB irradiation increased Sesn2 protein levels in NHEMs ( Fig. 2A ) and human melanoma cells at different phases of progression: A375 ( Fig. 2B , radial growth phase (RGP)), WM793 ( Fig. 2C , vertical growth phase (VGP)), and MEL624 ( Fig. 2D , metastatic (Met)) melanoma cells. These results suggest a conserved UVB-induced Sesn2 up-regulation through melanoma genesis and progression. In addition, immunofluorescence analysis showed that Sesn2 expression was increased in A375, WM793, and MEL624 cells as compared with normal melanoma cells (NHEM) ( Fig. 2E ). UVB increased Sesn2 mRNA levels in NHEM, A375, WM793, and MEL624 melanoma cells (Fig. 2F ). In addition to A375 cells, we found that the Sesn2 protein level was increased in other human melanoma cells, including WM266 -4, WM115, WM35, WM3670, CHL-1, and HS294T cells, as compared with NHEM cells (Fig.  2G ). These findings indicate that in normal melanocytes and melanoma cells, UVB irradiation induces Sesn2 up-regulation and that melanoma cells express higher Sesn2 than normal melanocytes.
Sesn2 Activates AKT through a PTEN-dependent Mechanism-To determine the function of Sesn2 in cancer cells, we analyzed the effect of increasing and decreasing Sesn2 on the oncogenic AKT pathway, which is critical for promoting cancer development and chemoresistance (27) . Overexpression of Sesn2 in A431, A375, and HeLa cells increased AKT phosphorylation at serine 473 ( Fig. 3A ). Sesn2 deletion in MEF cells decreased AKT phosphorylation (Fig. 3B) . Similarly, knockdown of Sesn2 in A375 and A431 cells that express PTEN inhibited AKT phosphorylation (Fig. 3C) . In contrast, in the PTEN-null U87 cells, Sesn2 knockdown did not affect AKT phosphorylation (Fig.  3C) , indicating that the regulation of AKT phosphorylation by Sesn2 is PTEN-dependent. Furthermore, in the PTEN-null WM793 melanoma cells, Sesn2 knockdown had no effect on AKT phosphorylation, whereas upon re-expression of PTEN by doxycycline, Sesn2 knockdown increased PTEN levels and inhibited AKT phosphorylation (Fig. 3D ). Sesn2 knockdown moderately increased PTEN protein levels in A375, A431, and doxycycline-treated WM793TR-PTEN cells (Fig. 3, C and D) . These data indicate that Sesn2 regulates AKT activation through PTEN.
To determine the role of PTEN in Sesn2 regulation of AKT activation, we investigated the effect of Sesn2 on the PTEN membrane association that is required for PTEN activity. We found that both Sesn2 knockdown in A375 or A431 cells and its deletion in MEF cells increased PTEN membrane localization (Fig. 4, A and F) . In Sesn2 KO MEF cells, immunofluorescence of PTEN staining also indicated membrane PTEN accumulation as compared with Sesn2 WT cells (Fig. 4, G-I) . These findings suggest that Sesn2 promotes AKT activation through regulating PTEN membrane recruitment.
Sesn2 Promotes Tumor Cell Survival after Treatment with UVB and Chemotherapeutic Agents-To determine the function of Sesn2 in cell survival, an oncogenic process promoted by AKT activation, we assessed the effect of Sesn2 knock-out and knockdown on apoptosis induced by UVB radiation and chemotherapeutic agents. UVB radiation induced apoptosis in A375, A431, and MEF cells in a dose-dependent manner as shown by the formation of cleaved poly(ADP-ribose) polymerase (PARP) or cleaved caspase 3 (Fig. 5, A and B) , whereas Sesn2 knockdown in A375 or A431 cells and Sesn2 knock-out in MEF cells further sensitized cells to UVB-induced apoptosis as measured by the increase in cleaved caspase-3 (Fig. 5, A and B) and by the decrease in mitochondrial potential (Fig. 5C ). Sesn2 knock-out reduced UVB-induced AKT activation in MEF cells ( Fig. 5D) , consistent with the role of Sesn2 in AKT activation shown in Fig. 3 . The BRAF inhibitor vemurafenib PLX4032 (PLX), a targeted anti-melanoma agent recently approved by the Food and Drug Administration, resulted in increased Sesn2 levels in BRAF wild-type melanoma cells (B16F10) and BRAF mutant melanoma cells (A375 and MEL624) ( Fig. 5, E and F) . PLX induced apoptosis in A375 and MEL624 cells as indicated by caspase 3 cleavage (Fig. 5F) . Sesn2 knockdown increased the apoptosis induced by BRAF inhibition (Fig. 5F ). In A431 cells, 5-fluorouracil (5-FU), a widely used chemotherapeutic agent for SCC, induced Sesn2 expression ( Fig. 5G ) and induced some cell death as indicated by decreased cell viability (Fig. 5H ). Sesn2 knockdown significantly increased the cell death induced by 5-FU (Fig. 5H) . These findings indicate that Sesn2 increases cell survival after exposure to UVB irradiation and chemotherapeutics.
Sesn2 Knockdown Inhibits Growth of Xenografted A431 and A375 Human Tumors in Nude Mice-To determine the role of Sesn2 in tumor development in vivo, we analyzed the effect of Sesn2 knockdown on tumor growth using a subcutaneous xenograft mouse model. A431, A375, and MEL624 cells grew tumors over time after subcutaneous inoculation ( Fig. 6, A-E) . Sesn2 knockdown in these cells inhibited tumor growth ( Fig. 6 , A-E). However, Sesn2 knockdown had no effect on cell proliferation in vitro (Fig. 6F ). There was no difference in either the histology of A431 and A375 tumors (H&E staining) or apoptosis (TUNEL) between shNC and shSesn2 groups (data not shown). It is possible that Sesn2 increases cell survival during subcutaneous inoculation, and thus shSesn2 cells have fewer cells to grow into tumors. These results indicate that Sesn2 is critical for in vivo tumor formation. As compared with control groups, AKT activation was reduced in xenografted A431-shSesn2 human tumors in nude mice (Fig. 6G ). These findings are consistent with our in vitro findings (Fig. 3C) .
Sesn2 Is Up-regulated in Human SCC and Melanoma-To further investigate the specific function of Sesn2 in human skin malignancies, we evaluated Sesn2 protein levels in human SCC and melanoma. As compared with normal human skin, Sesn2 was up-regulated in human SCC at both the mRNA and protein levels (Fig. 7, A and B) . Similarly, Sesn2 was up-regulated in mouse SCC as compared with adjacent normal skin derived from UVB-irradiated mice (Fig. 7C) .
To determine the role of Sesn2 in human melanoma, we used immunohistochemical analysis to determine the differences in Sesn2 protein levels in human nevus, malignant melanoma, and metastatic melanoma as compared with melanocytes in sunprotected normal non-lesional skin. A low level of Sesn2 protein was detected in melanocytes in normal skin (Fig. 7D) . However, the Sesn2 levels were increased (score 2 or 3) in 70% of nevus (7/10), 70% of malignant melanoma (7/10), and 70% of metastatic melanoma (7/10) samples as compared with none of the normal skin samples (0/16) (Fig. 7E ). This up-regulation was statistically significant as analyzed by the Mann-Whitney U test (p ϭ 0.0007 for nevus, malignant melanoma, and metastatic melanoma versus normal skin). These findings demonstrate that Sesn2 is up-regulated in human SCC and the early stage of melanoma and suggest that Sesn2 is an oncogene in human skin malignancies.
DISCUSSION
Sesn2 has been suggested as a tumor suppressor (6, (11) (12) (13) .
Here we have shown that Sesn2 is up-regulated by UVB radia-tion and is associated with malignant transformation of keratinocytes and melanocytes. Sesn2 is crucial for cell survival of SCC and melanoma cells after UVB radiation and chemotherapeutics, including 5-FU and the BRAF inhibitor vemurafenib. We found that Sesn2 is essential for promoting AKT activation through regulating PTEN. Last, Sesn2 is up-regulated in human skin SCC and melanoma. Our findings suggest an oncogenic role of Sesn2 in skin carcinogenesis and chemoresistance.
Sestrin expression is inducible in response to diverse cellular stresses including genotoxic stress, hypoxia, energy deficiency, and oxidative stress (28) . UV radiation activates the expression of Sesn1 and Sesn2 through p53 (10, 14) . p53-responsive elements were identified in the first exon and 9.6 kb downstream of the Sesn2 gene (29, 30) . These studies suggest that Sesn2 is a tumor suppressor. However, in p53-mutated HaCaT or A431 cells, we found Sesn2 induction by UVB irradiation, suggesting a p53-indpendent mechanism. Indeed, dSesn was found to be up-regulated in Drosophila by loss of PTEN or activation of the mTOR pathway (8), suggesting a potential oncogenic role of Sesn2.
Among all the Sestrin genes, daily UV radiation up-regulates only Sesn2 in human fibroblasts and keratinocytes in reconstructed skin, whereas it down-regulates the other Sestrin genes including Sesn1-T1, Sesn1-T2, and Sesn3 (31) . Our findings indicate that when wild-type p53 is expressed, UVB radiation induces Sesn2 expression in normal human epidermal keratinocytes, normal human melanocytes, melanoma cells, and mouse skin and that it also up-regulates Sesn2 in HaCaT and A431 cells that express mutated p53 (32) (Fig. 1) . These findings suggest that Sesn2 induction serves as an adaptation mecha- nism for both normal cells and cancer cells in response to genotoxic stress and anti-cancer treatment in a p53-dependent and -independent manner. The role of other Sestrins in skin cancer remains unknown and requires further investigation.
The role of Sesn2 in human cancers remains unclear. Sestrin up-regulation is crucial for stress adaptation, maintaining redox balance and metabolic homeostasis in physiological and pathological contexts (28, 33) . In response to genotoxic stress, p53-mediated Sesn1 and Sesn2 activate AMP kinase and thus inhibit the oncogenic mTOR pathway (6, 34) , suggesting a tumor suppressive role. In contrast, AKT-mediated but p53independent Sesn2 induction promotes cell survival under energetic stress (35) , suggesting an oncogenic function of Sesn2. Our findings demonstrate that Sesn2 promotes PTENdependent AKT activation and cell survival after UVB irradiation and chemotherapeutic treatment. It is possible that Sesn2 inhibits PTEN activity by suppressing PTEN membrane association ( Fig. 4) . Future investigations will determine the molecular and biochemical mechanism by which Sesn2 controls PTEN activity. Both vemurafenib and 5-FU were observed to induce Sesn2 expression. Given the crucial role of AKT in carcinogenesis and chemoresistance in SCC and melanoma (3, 4, 27) , the regulation of AKT by Sesn2 may not only promote the development of SCC and melanoma but also confer therapeutic resistance, suggesting an oncogenic role of Sesn2 in SCC and melanoma.
Such a role is further supported by the up-regulation of Sesn2 in both human SCC and melanoma and the role of Sesn2 in xenografted tumor growth in nude mice. We found that, as compared with normal skin, Sesn2 is up-regulated in human SCC as well as mouse SCC. The up-regulation of Sesn2 was detected in nevi, malignant melanoma, and metastatic melanoma, suggesting that Sesn2 plays an active role in the early stages of melanomagenesis. UVB-induced Sesn2 may confer a survival advantage for melanocytes and facilitate malignant transformation. Indeed, we found that the pro-survival function of Sesn2 seems to be critical for the development of xenografted human melanoma and SCC tumors, likely through promoting the AKT pathway, as Sesn2 had no effect on cell proliferation in vitro (Fig. 6F) . It is likely that increased AMP kinase activation by Sesn2 inhibits mTOR activation to reduce cell proliferation (6, 13) , which counteracts the positive regulation of cell proliferation by increased AKT activation caused by Sesn2. Although the p53-dependent induction of Sesn2 (10) suggests a tumor-suppressive function of Sesn2, our data support an oncogenic function of Sesn2 in SCC and melanoma cells. Indeed, such a pleiotropic function of genes has been detected in another p53 target gene TIGAR (12, 36) . Although p53 is a key tumor suppressor, the p53 target gene TIGAR has been demonstrated to possess both an antioxidant function and serve as an oncogene in intestinal cancer (37) . Regulation of the antioxidant regulator Nrf2 by Sesn2 may also play a role in the oncogenic function of Sesn2 (7) , as the antioxidant Nrf2 is shown to be an oncogene in pancreatic cancer (38) and is implicated as an oncogene in melanoma and SCC (39, 40) . Inhibition of Nrf2 by Brusatol enhances the efficacy of chemotherapy (41) . Our work here identified Sesn2 as playing an oncogenic role by regulating AKT activation and cell survival.
In summary, our findings have demonstrated a previously unknown role of Sesn2 in UVB-irradiated keratinocytes and melanocytes and in SCC and melanoma cells. Sesn2 is a positive regulator for AKT activation and promotes cell survival after UVB stress and chemotherapeutic treatment. Our results may provide new molecular insights into the signaling network that amplifies and maintains AKT activation through Sesn2 up-regulation and shed light on the critical oncogenic role of Sesn2 in SCC and melanoma.
